Preterm infants, especially those that are exposed to prenatal intrauterine infection or inflammation, are at a major risk for adverse neurological outcomes, including cognitive, motor and behavioral disabilities. We have previously shown in a mouse model that there is an acute fetal brain insult associated with intrauterine inflammation. The objectives of this study were: (1) to elucidate long-term (into adolescence and adulthood) neurological outcomes by assessing neurobehavioral development, MRI, immunohistochemistry and flow cytometry of cells of immune origin and (2) to determine whether there are any sex-specific differences in brain development associated with intrauterine inflammation. Our results have shown that prenatal exposure appeared to lead to changes in MRI and behavior patterns throughout the neonatal period and during adulthood. Furthermore, we observed chronic brain inflammation in the offspring, with persistence of microglial activation and increased numbers of macrophages in the brain, ultimately resulting in neuronal loss. Moreover, our study highlights the sex-specific differences in long-term sequelae. This study, while extending the growing literature of adverse neurologic outcomes following exposure to inflammation during early development, presents novel findings in the context of intrauterine inflammation.
a b s t r a c t
Preterm infants, especially those that are exposed to prenatal intrauterine infection or inflammation, are at a major risk for adverse neurological outcomes, including cognitive, motor and behavioral disabilities. We have previously shown in a mouse model that there is an acute fetal brain insult associated with intrauterine inflammation. The objectives of this study were: (1) to elucidate long-term (into adolescence and adulthood) neurological outcomes by assessing neurobehavioral development, MRI, immunohistochemistry and flow cytometry of cells of immune origin and (2) to determine whether there are any sex-specific differences in brain development associated with intrauterine inflammation. Our results have shown that prenatal exposure appeared to lead to changes in MRI and behavior patterns throughout the neonatal period and during adulthood. Furthermore, we observed chronic brain inflammation in the offspring, with persistence of microglial activation and increased numbers of macrophages in the brain, ultimately resulting in neuronal loss. Moreover, our study highlights the sex-specific differences in long-term sequelae. This study, while extending the growing literature of adverse neurologic outcomes following exposure to inflammation during early development, presents novel findings in the context of intrauterine inflammation.
Ó 2014 Elsevier Inc. All rights reserved.
Introduction
Recent annual summary of vital statistics shows that the preterm birth rate (<37 weeks) is 11.7% in the United States, with more than 500,000 infants born preterm each year (Hamilton et al., 2013) . Preterm children exposed to intrauterine infection or inflammation are at a greater risk for a spectrum of long-term adverse neurologic disorders (Wu and Colford, 2000; Yoon et al., 2000) , emotional disorders and even autism (Johnson et al., 2010a,b) .
Mechanisms of inflammation-induced fetal brain injury are most likely determined by proinflammatory chemokine and cytokine signaling (Hsiao and Patterson, 2011; Hsiao et al., 2012; Lieblein-Boff et al., 2013; Smith et al., 2007; Williamson et al., 2011) . Intrauterine infectious pathogens activate toll-like receptors on the surface of cells in the decidua and placental membranes, resulting in the production of proinflammatory cytokines that can cross compromised blood-brain barrier into the fetal brain where they induce activation of microglia, which contribute to glutamate excitotoxicity and production of reactive oxygen species. Altogether, this chain of events leads to cerebral inflammatory response and subsequent brain injury. While chorioamnionitis and in utero inflammation as a host immune response may underlie a whole spectrum of long-term effects on the nervous system of neonates, fetal inflammatory responses, which might be initiated by intrauterine inflammation, are now thought to have a stronger association with adverse effects in the neurodevelopment of offspring (Ashdown et al., 2006; Beloosesky et al., 2006; Cai et al., 2003; Dammann and O'Shea, 2008; de Vries, 2009; Hagberg and Mallard, 2005; Malaeb and Dammann, 2009 ).
